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Overview

> Embedded electrodes fabrication
> Performance comparison: LTG-GaAs versus ErAs:GaAs
> Anisotropic carrier transport in ErAs:GaAs
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Embedded Electrodes Advantage:

increases electric field in
bulk of photomixer
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LTG-GaAs versus ErAs:GaAs

lifetime set by:
»>growth temperature

>»anneal conditions

{ ! | ! | ! ! T ]
LTG-I
A TG-InGaAs
-
]
- LTG-GaAs
B . =200cm?Vs
| 1 | 1 | 1 | ) |
160 180 200 220 240

Growth Temperature [°C]

Lifetime, t (1/e) [fs]

1200

1000

800

600

400

200

0

lifetime set by ErAs layer
coverage and spacing

ol

»growth parameters ONLY

T T T T T
] ErAs:GaAs
r = L%D
~ D =35cm’ls 7
| p=1,400cm’Vs R
| ErAs Islands
L— ./J. aoare @ o®
L L - X X _ _ X N J
L —--L —_— . . 7 X X X
el @b 9O @& & DT>
| )

0 20 40

GaAs substrate

Period L [nm]

JPL - SWAT (Submillimeter-Wave Advanced Technology) - 12 international Symposium on Space Terahertz Technology February 14-16, 2001 raw




JPL
Embedded Coplanar Strips Traveling-wave Photomixers W\/V\'
T

LTG-GaAs

Layer Description

e Matérial'

Comments

 Thickness [nm]

substrate
buffer
etch stop -

digital alloy

smoothing

. GaAs

GaAs

- ANAsAs

. GaAs

L ;AIAsIGa’Asi"; e
- GaAs

activelayer  LTG-GaAs 1000

- semi-insulating

Xy = 0.55

dlgltal alloy, 98% Al

Y : VV'VTgro\Nth = 225 C;
. annealed in situ at
- 580°C for 3 min

ErAs:GaAs

Layer Descnptlon

. Material

" Thidmss ]

-~ Comments

substrate
buffer
etchstop
digital alloy

smoothing
active layer

GaAs
GaAs
AlAsAs
GaAs

AlAs/GaAs

GaAs
ErAs/GaAs

600

1500

300 x (49 + 1= 1500 |
10

50 x (1 2ML 20 nm) 1000 '

semi-insulating

Xq = 0.55

digital alloy; 98% Al
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Fabrication Steps

I
CPS and antenna
definition with
photoresist

I1
Selective removal
of GaAs
(NH,OH:H,0, etch)

111

Reflow of photoresist

v
Deposition of metal
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Cross-section of device

embedded electrodes
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Measurement

Caltech setup Device geometry

Bolometer

Grating
Cylindrical
< Lens

Tunable-LD
Optical "
Amplifier Fixed-LD
Arom=850 nm
P,..~500 mW

» Zlons) =7 lantenna) = 72 Q
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Dark current Photocurrent
1 ! I ¥ LA I: T 1 1 L L T
A Surface LTG-GaAs = — Surface LTG-GaAs O .
A Embedded LTG-GaAs - ~—a— Embedded LTG-GaAs
O Surface ErAs:GaAs ® i 1 —QO-- Surface ErAs:GaAs =
0.1 i .._. — ]
® Embedded ErAs:GaAs ° .,.08 Al T —e—Embedded ErAs:GaAs -
< . 2% 8 1 < -
______ s g Al E
§. » ® L 4 8 | - » _
S 0.01 L * B A 4 ¢ - s ]
e 2 : 8”7 " 3 5 /A s 8
> - - e 4 @ n g e _
3 5 . LY 7 ] g 01} /ﬁ 9 1
< - B 4§ 1 < - o’ ]
© = <08 o N N
0o 1E-3 _/oA ‘ E B _
/,—'/A A ] - - —
o7 A I3 i v v v -
<A .
1E-4 "f/ 1 L] 1 L1 | b1 0.01 |?/ { e bl [ N B A
1 10 100 1 10 100
Voltage [V] Voltage [V]
Transport Domains:
I Hopping conduction IIT Low-field free carrier
II Impact ionization IV Velocity saturation

V Trap barrier lowering
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RF Power at 1 THz
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200 Possible cause:

Emission at 1.06 THz [mV rms]

» IMPEDANCE MISMATCH
BETWEEN CPS AND ANTENNA

Voltage [V]

Domains:

VI Low-field
VII High-field
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Photomixer transport equations
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i Floctrods type: ] Trap barrier lowering lengthens
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Carrier Transport in ErAs:GaAs

Anisotropic carrier mobility

1
Ve u” > !’L
is not surprising since material
has a uniaxial crystal structure
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Summary

> Achieved higher RF power at low bias with embedded electrodes
in ErAs:GaAs material

> No direction-dependent transport observed for LTG-GaAs

Additional findings:

» Velocity overshoot observed in ErAs:GaAs

> RF power saturation caused by field-dependent carrier
trapping time

> Improved model enables more accurate predictions
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